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Abstract. – OBJECTIVE: To explore the re-
pair of spinal cord injury (SCI) in rats by umbil-
ical cord mesenchymal stem cells (UCMSCs) 
through the p38mitogen-activated protein ki-
nase (MAPK) signaling pathway. 

MATERIALS AND METHODS: A total of 45 
healthy adult male Sprague-Dawley rats weigh-
ing 180-220 g and aged 6-8 weeks old were ran-
domly divided into group A (SCI model + trans-
plantation of UCMSCs, n=15), group B (sham 
operation), and group C (SCI model + injection 
of an equal dose of DMEM, n=15) using a ran-
dom number table. The morphology of spinal 
cord tissues was observed via hematoxylin-eo-
sin (HE) staining, and the protein expression of 
phosphorylated p38 (p-p38) in spinal cord tis-
sues, the expression of glial fibrillary acidic pro-
tein (GFAP) in the injury region, and the spi-
nal cord neuronal apoptosis were detected via 
Western blotting, immunofluorescence labeling 
and terminal deoxynucleotidyl transferase-me-
diated dUTP nick end labeling (TUNEL) assay, 
respectively. 

RESULTS: In group B, there was no significant 
damage to the structure of spinal cord tissues. 
In group C, the spinal cord tissues had a disor-
dered structure and significant fragmentation, 
the damage to grey matter was the greatest. Al-
so, almost all of the grey matter was destroyed 
and dissolved, with a large number of scars and 
cavitation, and it was hard to distinguish the gray 
matter and white matter. In group A, the spinal 
cord tissues had a clear structure, there were 
smaller necrotic cavitation regions in the grey-
white matter, and the number of cavitation sig-
nificantly declined compared with that in group 
C. The results of immunofluorescence assay re-
vealed that the expression of GFAP in spinal 
cord tissues was the lowest in group B, while it 
was remarkably decreased in group A compared 
with that in group C (p<0.05), suggesting that in-

jecting UCMSCs via the caudal vein can promi-
nently reduce the expression of GFAP in spinal 
cord tissues. Moreover, the spinal cord neuronal 
apoptosis rate was (4.21±0.19), (0.72±0.21) and 
(4.57±0.31), respectively, in group A, group B, 
and group C. It can be seen that the spinal cord 
neuronal apoptosis rate significantly declined in 
group A due to the treatment with UCMSCs. Al-
so, the significant difference compared with that 
in group C, while it was significantly increased 
in group A compared with that in group B, but 
lower than group C (p<0.05). According to the 
results of Western blotting, the protein expres-
sion of p-p38 in spinal cord tissues was remark-
ably decreased in group B compared with that in 
group A and group C (p<0.05), while it was also 
markedly decreased in group A compared with 
that in group C (p<0.05), indicating that inject-
ing UCMSCs via the caudal vein can significant-
ly lower the protein expression of p-p38 in spi-
nal cord tissues. 

CONCLUSIONS: UCMSCs promote the re-
covery of neurological function, inhibit the p38 
MAPK pathway activated after SCI, and reduce 
the spinal cord neuronal apoptosis in SCI rats.

Key Words:
Spinal cord injury, p38 MAPK, GFAP, Umbilical cord 

mesenchymal stem cells.

Introduction 

Spinal cord injury (SCI) is a complication af-
ter an injury of the spine, with extremely high 
fatality and disability rates. There are two types, 
secondary and primary injury, both of which are 
caused by external forces1,2. Mesenchymal stem 
cells (MSCs) have a certain effect on SCI, which 
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can be extracted and cultured in many human tis-
sues. One of the treatments means for SCI is the 
stem cell transplantation. It has been reported3,4 
that the proliferation and differentiation ability of 
stem cells will decline with the aging of patients. 
MSCs can be cultured from many human tissues, 
the proliferation rate of which, however, is far 
lower than that of umbilical cord MSCs (UCM-
SCs). Therefore, UCMSCs have greater develop-
ment prospect in stem cell transplantation. The 
effects of UCMSCs on the repair and regeneration 
of nerve tissues have attracted increasingly more 
attention in scientific research. It is reported5,6 
that the stem cell differentiation and proliferation 
in the tumor microenvironment is one of the im-
portant reasons for the enhanced tumor growth. 
Also, the cell proliferation and differentiation are 
also the basic attributes during the evolution of 
organisms. The mitogen-activated protein kinase 
(MAPK) signaling pathway is one of the import-
ant signaling pathways for the proliferation and 
differentiation of bone marrow MSCs into osteo-
blasts7,8, including extracellular signal-regulat-
ed kinase (ERK)1/2 and p38 MAPK. Osteoblast 
differentiation is mainly realized through the p38 
MAPK pathway9,10. Some studies11 have demon-
strated that the neuronal apoptosis is caused by 
the signal transduction, during which p38 MAPK 
plays an important role. Also, p38 MAPK can re-
flect the degrees of neuronal apoptosis and prolif-
eration and tissue injury. Therefore, the SCI mod-
el was established for comparison in the present 
study, and the effect of UCMSCs on the repair of 
SCI in rats through the p38MAPK signaling path-
way was explored.

Materials and Methods

Main Reagents and Instruments
Phosphorylated p38 (p-p38) MAPK monoclonal 

antibody (Wuhan D.A Biotechnology Co., Ltd., 
Wuhan, China), goat anti-rabbit immunoglobulin 
G (IgG; SLB, Beijing), terminal deoxynucleoti-
dyl transferase-mediated dUTP nick end labeling 
(TUNEL) apoptosis assay kit (KG, Jiangsu, Nan-
jing, China), fluorescence microscope (Beijing 
Keyu Technology Co., Ltd., Beijing, China), and 
UCMSCs (Shandong Human Umbilical Cord Mes-
enchymal Stem Cell Bank, Heze, China).

Culture of UCMSCs
UCMSCs were cultured in the Dulbecco’s 

Modified Eagle’s Medium (DMEM; Hyclone, 

South Logan, UT, USA) containing 5% fetal bo-
vine serum (FBS; Hyclone, South Logan, UT, 
USA) in an incubator with 5% CO2 at 37°C. Af-
ter the first passage, UCMSCs were passaged for 
multiplication culture at a ratio of 1:3 every 3 
days. After culture for 8-10 d, the cells were used 
for experiments.

Animal Modeling and Transplantation 
of UCMSCs

The SCI model was established according to the 
methods in literature, briefly as follows: rats were 
anesthetized via intraperitoneal injection of chloral 
hydrate (0.33 mL/kg) and fixed on the plate, fol-
lowed by standard T9-10 laminectomy. Then, the 
spinal cord was exposed in an aseptic environment, 
and the T9-10 spine was impacted using an impact 
device (height: 25 mm, weight: 10 g, diameter: 2 
mm) to induce the paralysis of the hind limb. Af-
ter SCI, the spinal cord was washed with normal 
saline. First, the incision was sutured and penicil-
lin (80,000 U/0.1 mL) was intraperitoneally inject-
ed for 3 consecutive days. Next, the bladder was 
pressed every day to help urinate until the normal 
urinary function was reconstructed. At 6 d after 
successful modeling, 1 mL of UCMSC suspension 
(3×106/L) was injected via the caudal vein. At 4 
weeks after successful modeling, the Basso-Beat-
tie-Bresnahan (BBB) score was given. Then, the 
rats were sacrificed via cervical dislocation, and 
the spine specimens were collected. This research 
was approved by the Animal Ethics Committee of 
Yanan University Animal Center.

Laboratory Animals and Grouping
A total of 45 healthy adult male Sprague-Daw-

ley rats weighing 180-220 g and aged 6-8 weeks 
old were provided by Shandong Laboratory Ani-
mal Center, and fed in separate cages in the spe-
cific pathogen-free animal room under the room 
temperature of (22±2)°C, humidity of 50-60% 
and 12/12 h light/dark cycle. Also, they had free 
access to food and water. The rats were random-
ly divided into group A (SCI model + transplan-
tation of UCMSCs, n=15), group B (sham oper-
ation), and group C (SCI model + injection of 
an equal dose of DMEM, n=15) using a random 
number table.

Observation of Morphology of Spinal 
Cord Tissues Via Hematoxylin-Eosin (HE) 
Staining

The rats were sacrificed via dislocation at 
one time. The spinal cord tissues were isolated 
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and treated with 4% paraformaldehyde/phos-
phate-buffered saline (PBS) (pH 7.4) at 4°C for 
48 h. The tissues were washed with running wa-
ter, dehydrated with 70%, 80%, and 95% etha-
nol, and treated with 100% ethanol. The ethanol 
was removed with xylene. Then, the tissues were 
embedded into paraffin (4 μm in thickness) and 
stained in strict accordance with the manufac-
turer’s instructions of the HE staining kit (Beyo-
time, Shanghai, China).

 
Detection of p38 Expression in Tissues 
Via Western Blotting

An appropriate amount of radioimmunopre-
cipitation assay (RIPA) lysis buffer was pre-
pared, and the protease inhibitor phenylmeth-
anesulfonyl fluoride (PMSF) (RIPA:PMSF = 
100:1) (Beyotime, Shanghai, China) was added 
and mixed evenly. The spinal cord tissues were 
cut into pieces, added with tissue lysis buffer at 
a ratio of 10:1 and transferred into an Eppen-
dorf (EP) tube, followed by centrifugation at 
14000 rpm and 4°C for 30 min using the refrig-
erated high-speed centrifuge. Then, the protein 
supernatant was collected and subjected to a 
heating bath at 95°C for 10 min for protein de-
naturation. The protein samples prepared were 
stored in a refrigerator at –80°C for later use, 
and the protein was quantified using the bicin-
choninic acid (BCA) kit (Pierce, Rockford, IL, 
USA). After that, the dodecyl sulfate, sodium 
salt-polyacrylamide gel electrophoresis (SDS-
PAGE) gel was prepared, and the protein sam-
ples were loaded into the gel loading well for 
electrophoresis under the constant voltage of 80 
V for 2.5 h. Then, the protein was transferred 
onto a polyvinylidene difluoride (PVDF) mem-
brane (Millipore, Billerica, MA, USA) using 
a semi-dry transfer method. The PVDF mem-
brane was immersed in Tris-Buffered Saline 
and Tween-20 (TBST) containing 5% skim milk 
powder and shaken slowly for 1 h on a shaking 
table to be sealed. Then, the protein was incu-
bated with the primary antibody diluted with 
5% skim milk powder, rinsed with TBST for 3 
times (10 min/time), incubated again with the 
secondary antibody at room temperature for 2 
h, and rinsed again with TBST twice and with 
TBS once (10 min/time). Finally, the protein 
was detected using the enhanced chemilumi-
nescence (ECL) reagent, followed by exposure 
in a dark room. The relative expression of the 
protein was analyzed using Image-Pro Plus v6 
(Media Cybernetics, Silver Spring, MD, USA). 

Detection of Glial Fibrillary Acidic Protein 
(GFAP) Expression in the Injury Region 
Via Immunofluorescence Labeling

The target spinal cord was exposed through 
the original surgical incision in modeling, and 
the T10-centered spinal cord tissue specimens 
(1.5 cm) were taken. The 4 μm-thick frozen sec-
tions were rapidly prepared, followed by immu-
nofluorescence observation, and washed with 
PBS for 3 times (10 min/time). After 0.05% Tri-
ton-100 was added to rupture the cell membrane, 
the sections were sealed with 3% goat serum at 
room temperature for 30 min, incubated with the 
GFAP primary antibody (1:100) in a wet box at 
4°C overnight, washed with PBS for 3 times (10 
min/time), incubated again with the secondary 
antibody (1:1000) in a dark place at room tem-
perature for 1 h, and washed again with PBS for 
3 times (10 min/time). The excess water on the 
glass slide was sucked dry using the filter paper, 
and one drop of buffered glycerin was added to 
avoid drying specimens. Finally, the sections 
were covered with the cover glass, and immedi-
ately observed under a fluorescence microscope.

Detection of Spinal Cord Neuronal 
Apoptosis Via TUNEL Assay

4 μm-thick paraffin sections were prepared 
and deparaffinized with xylene for 5-10 min. 
Next, the sections were deparaffinized again 
with fresh xylene for 5-10 min, treated with ab-
solute ethanol for 5 min, 90% ethanol for 2 min, 
70% ethanol for 2 min, distilled water for 2 min. 
Then, DNase-free proteinase K (20 μg/mL) was 
added dropwise. Then, the proteinase K was 
washed clean with HBSS for 3 times, and the 
sections were incubated with 3% H2O2 in PBS 
at room temperature for 20 min to inactivate the 
endogenous peroxidase. 50 μL of TUNEL assay 
buffer was added to the specimens and incubated 
in a dark place at 37°C for 60 min. The sections 
were washed once with HBSS, and added drop-
wise with 0.1-0.3 mL of stop buffer, followed 
by incubation at room temperature for 10 min. 
0.2-0.5 mL of diaminobenzidine (DAB) devel-
oping solution was added dropwise, followed by 
incubation at room temperature for 5 min. Final-
ly, the sections were observed under the micro-
scope, and the apoptotic cells were counted.

Statistical Analysis
All data were expressed as mean ± standard 

deviation. The t-test was used for analyzing 
measurement data. Differences between the 
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two groups were analyzed using the Student’s 
t-test. Comparison between multiple groups 
was made using One-way ANOVA test fol-
lowed by Post-Hoc Test (Least Significant Dif-
ference). p<0.05 suggested the statistically sig-
nificant differences.

Results

HE Staining 
In group B, there was no significant damage 

to the structure of spinal cord tissues. In group 
C, the spinal cord tissues had disordered struc-
ture and significant fragmentation, the damage 
to grey matter was the greatest. Also, almost all 
of the grey matter was destroyed and dissolved, 
with a large number of scars and cavitation, and 
it was hard to distinguish between gray matter 
and white matter. In group A, the spinal cord 
tissues had a clear structure; there were small-
er necrotic cavitation regions in the grey-white 
matter, and the number of cavitation signifi-
cantly declined compared with that in group C 
(Figure 1).

Difference in GFAP Expression in the 
Injury Area Detected 
Via Immunofluorescence Assay

The results of immunofluorescence assay re-
vealed that the expression of GFAP in spinal cord 
tissues was the lowest in group B, while it was 
markedly decreased in group A compared with 
that in group C (p<0.05), suggesting that inject-
ing UCMSCs via the caudal vein can significantly 
reduce the expression of GFAP in spinal cord tis-
sues (Figure 2).

Spinal Cord Neuronal Apoptosis 
Detected Via TUNEL Assay

According to the results of TUNEL assay, 
the spinal cord neuronal apoptosis rate was 
(4.21±0.19), (0.72±0.21) and (4.57±0.31), respec-
tively, in group A, group B, and group C. It can be 
seen that the spinal cord neuronal apoptosis rate 
significantly declined in group A due to the treat-
ment with UCMSCs, showing a significant dif-
ference compared with that in group C (p<0.05) 
(Figure 3). 

P-p38 Protein Expression Level Detected 
Via Western Blotting

According to the results of Western blotting, the 
protein expression of p-p38 in spinal cord tissues 
was remarkably decreased in group B compared 
with that in group A and group C (p<0.05). Also, 
p-p38 protein expression was notably decreased in 
group A compared with that in group C (p<0.05), 
indicating that injecting UCMSCs via the caudal 
vein can significantly lower the protein expression 
of p-p38 in spinal cord tissues (Figure 4).

Discussion 

The morbidity rate of SCI, a common central 
nervous system disease, has increased year by 
year12,13. MSCs are a kind of stem cells with dif-
ferentiation ability. Also, stem cell transplantation 
is a potential therapeutic method for SCI14. One of 
the barriers to nerve regeneration after SCI is the 
glial scar, and the proliferation and hypertrophy of 
astrocytes are often accompanied by the up-regu-
lation of the GFAP expression10,15. The expression 
of p38 MAPK, a protease closely related to in-

Figure 1. Observation of morphology of spinal cord tissues in the three groups (× 200).
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Figure 2. GFAP expression in the injury area in the three groups. A, Fluorescence diagram of GFAP expression (× 40), B, 
expression level of GFAP, *p<0.05 vs. group C, #p<0.05 vs. group B.

Figure 3. Spinal cord neuronal apoptosis. A, Spinal cord neuronal apoptosis detected via TUNEL assay (× 100), B, compar-
ison of spinal cord neuronal apoptosis among groups. *p<0.05 vs. group C, #p<0.05 vs. group B.
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flammatory response, will affect GFAP16,17. In the 
present work, the SCI model was established for 
experimental analysis. The results of HE staining 
showed that compared with group B, there were 
syringomyelia and excessively sparse nerve fibers 
in group A, as well as more syringomyelia and 
highly sparse nerve fibers with incomplete tissue 
structure in group C. The degree of syringomy-
elia and morphology and arrangement of nerve 
fibers in group A were superior to those in group 
C (p<0.05). Moreover, the results of immunoflu-
orescence assay revealed that the expression of 
GFAP was the lowest in group B, while it was 
significantly decreased in group A compared with 
that in group C (p<0.05). Some reports18,19 show 
that the main barrier to nerve regeneration in SCI 
is GFAP, while proliferation and hypertrophy of 
astrocytes after SCI inhibit the recovery of spinal 
cord nerve function, aggravating the condition of 
disease, consistent with the results in this paper.

The spinal cord neuronal apoptosis was detect-
ed via TUNEL assay. The spinal cord neuronal 
apoptosis rate was (4.21±0.19), (0.72±0.21), and 
(4.57±0.31), respectively, in group A, group B, and 
group C. It can be seen that the spinal cord neuro-
nal apoptosis rate markedly declined in group A 
due to the treatment with UCMSCs. Also, there 
was a significant difference compared with that 
in group C, while it was significantly increased 
in group A compared with that in group B, but 
lower than group C (p<0.05). Some studies20,21 
have confirmed that UCMSCs isolated from hu-
man umbilical cord tissues have a certain effect 
on astrocytes; however, only the subculture can 
enable UCMSCs to suppress the excessive dif-
ferentiation of astrocytes and raise the possibility 

of differentiation of UCMSCs into neuron-like 
cells22,23. The above findings indicate that UCM-
SCs can regulate the nerve injury and inhibit the 
neuronal apoptosis caused by SCI, consistent with 
the research results in this paper.

According to the results of Western blotting, 
the protein expression of p-p38 in spinal cord tis-
sues was remarkably decreased in group B com-
pared with that in group A and group C (p<0.05). 
Also, it was evidently decreased in group A com-
pared with that in group C (p<0.05), indicating 
that injecting UCMSCs via the caudal vein can 
significantly lower the protein expression of p-p38 
in spinal cord tissues. 

Research24 has confirmed that the p38MAPK 
expression will rise after SCI, and it is reported that 
after activation, p38 MAPK will transfer to the nu-
cleus to act on other targets, accept stress signals 
for proliferation and differentiation in osteoblasts, 
and exert a regulatory function to enhance the 
activity of some transcription factors. A previous 
report25 reveals that the decline in the p38 MAPK 
activity will inhibit the production of adipocytes, 
consistent with the results in this paper.

Conclusions

We showed that UCMSCs promoted the recov-
ery of neurological function, inhibited the p38 
MAPK pathway activated after SCI, and reduced 
the spinal cord neuronal apoptosis in SCI rats.

Conflict of Interests

The Authors declare that they have no conflict of interests.

Figure 4. P-p38 protein expression level detected via Western blotting. **p<0.01 vs. group C, &&p<0.01 vs. group A.
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